This paper explores the determinants of R&D cooperation in Japanese start-ups. Using a sample from an original survey conducted in 2008, we examine the effects of founder-, firm-, and industry-specific characteristics on R&D cooperation by type of partners. Our findings indicate that founder-specific characteristics such as educational background, prior innovation output, and affiliation to academic associations are fairly important in determining R&D cooperation with academic institutes (universities and public research institutes). We also provide evidence that founders' prior innovation output and work experience have positive and significant effects on R&D cooperation with business partners. With respect to firm-specific characteristics, it is found that firms investing more in R&D tend to engage in R&D cooperation, regardless of the type of partners. Furthermore, it is found that independent firms are less likely to cooperate in R&D with academic institutes than subsidiaries and affiliated firms.
Introduction
This paper explores the determinants of research and development (R&D) cooperation in Japanese start-ups, using a sample from an original survey conducted in 2008. We examine the effects of founder-, firm-, and industry-specific characteristics on R&D cooperation according to the type of partners. In particular, we focus on the role of founders' human capital, which has been ignored in the literature on R&D cooperation. Understanding the determinants of R&D cooperation in start-ups will provide clues on how to create and improve opportunities for research matching, which would contribute to building national innovation systems through start-ups.
Many existing studies argue that small businesses play an important role in a large fraction of innovations (e.g., Acs and Audretsch, 1990) . More recently, special attention has been paid to start-ups as the sources of regional innovation and productivity (e.g., Acs and Armington, 2006; Audretsch et al., 2006) . However, it is not easy for small start-ups to successfully innovate because of their limited business experience and resources. To compensate for these deficiencies, alliances with external organizations-particularly for R&D cooperation-are considered to be an effective strategy for start-ups. R&D cooperation would allow start-ups to not only obtain complementary assets but also share costs and risks, thereby improving R&D productivity.
The role of founders' human capital in start-ups has also been discussed in the literature. Colombo and Grilli (2005) argued that, according to the competence-based view, new technology-based firms (NTBFs) established by individuals with greater human capital should outperform other NTBFs because of their unique capabilities. They emphasized that the capability effect of founders' human capital has a positive impact on the performance of NTBFs. That is, founders' human capital is a valuable resource of the start-up and plays a critical role in its performance. While the firm's performance reflects corporate strategy, including the decision to form an alliance, the founder's human capital may exert significant influence on the types of alliances, including R&D cooperation. Previous studies on R&D cooperation, however, have ignored the role of founders' human capital. We thus attempt to provide new evidence for the significant role played by founders' human capital in the R&D cooperation of start-ups.
Our empirical results suggest that founders' human capital is important in the determination of R&D cooperation, although its effects vary according to the type of partners. More specifically, the results show that founders' educational background, prior innovation output, and affiliation to academic associations significantly affect R&D cooperation with academic institutes (universities and public research institutes), while their prior innovation output and work experience have positive and significant effects on R&D cooperation with business partners. Furthermore, it is found that independent firms are less likely to cooperate in R&D with academic institutes than subsidiaries and affiliated firms.
The remainder of this paper is organized as follows. In Section 2, we review previous studies on the determinants of R&D cooperation and discuss some differences between these studies and the present paper. In Section 3, we discuss the theoretical background and develop our hypotheses on the determinants of R&D cooperation. Section 4 describes the data used in the analysis. Section 5 presents the empirical results. The final section provides some concluding remarks.
Literature review
R&D cooperation has stimulated a rich stream of literature. 1 As is often argued, R&D cooperation is a useful means of exploiting external technologies and knowledge. R&D cooperation can allow firms to obtain complementary assets and to share costs and risks. For start-ups whose resources tend to be limited, R&D cooperation appears more effective.
In the fields of economics and management, many studies have investigated the determinants of R&D cooperation from various perspectives. Table 1 summarizes the findings of major empirical studies in recent years on the determinants of R&D cooperation. Among them, some studies have examined R&D cooperation between firms, focusing on large established firms (e.g., Bayona et al., 2001; Fritsch and Lukas, 2001 ). Other studies have examined the determinants of R&D cooperation between firms and universities (e.g., Veugelers and Cassiman, 2005) . Bayona et al. (2001) , for example, explored the motives of industrial firms to cooperate in R&D, using a sample of Spanish firms. They found that firms with sufficient capacity to carry out R&D tend to cooperate in R&D, and the reasons for cooperative R&D differ overall between large and small firms. Moreover, Cassiman and Veugelers (2002) and Lòpez (2008) emphasized the roles of incoming spillovers and appropriability as well as the costs and risks of innovative activities in determining R&D cooperation, considering the endogeneity of important variables.
While most studies tend to focus on R&D cooperation involving large firms, only a few studies, including Bayona et al. (2001) , have addressed the R&D cooperation of small and medium-sized enterprises (SMEs). With respect to the alliance of SMEs, Fontana et al. (2006) examined the determinants of R&D cooperation between firms and public research organizations including universities, using a sample of innovative SMEs in European countries. Muscio (2007) also examined the impact of absorptive capacity on SMEs' collaboration with firms, universities, and technology transfer centers. To date, however, little is known about R&D cooperation in start-ups, except for the findings of Colombo et al. (2006) , who examined the determinants of commercial and technological alliances by Italian high-tech start-ups.
On the other hand, it has often been argued that the success of start-ups is dependent on their founders' human capital. Bates (1990) , for example, argued that the entrepreneurs' human capital inputs affect small business longevity, and Cressy (1996) emphasized that human capital is the true determinant of firm survival. In addition, some empirical studies have provided evidence on the relationship between firm growth and the human capital of founders or entrepreneurs (e.g., Honjo, 2004; Colombo and Grilli, 2005) . These studies have indicated that founders' human capital is a valuable resource for start-ups and plays a critical role in the firm's performance, partly because it can compensate for lack of business experience and resources. However, as repeatedly mentioned, the role of founders' human capital in R&D cooperation tends to be ignored in the literature. Colombo et al. (2006) examined the determinants of the alliances of Italian high-tech start-ups; however, surprisingly, they do not confirm any effects of founders' human capital, such as education and professional experience. 2 In this respect, it is unclear whether or not R&D cooperation is affected by founders' human capital, and further investigation is required to reach a conclusive answer.
Moreover, some studies have focused on R&D cooperation between firms and academic institutes (universities and/or public research institutes). For example, Mohnen and Hoareau (2003) investigated the determinants of R&D cooperation between firms and universities or government laboratories, using a sample of French, German, Irish, and Spanish firms. 3 They provided evidence that firm-specific characteristics, such as patent holding, group affiliation, and subsidies, affect R&D cooperation. Fontana et al. (2006) also examined the determinants of R&D cooperation between firms and academic institutes with a sample of innovative SMEs in Europe, and argued that the openness of firms to the external environments significantly affects the probability of R&D cooperation with academic institutes.
Furthermore, other studies, such as Fritsch and Lukas (2001) and Miotti and Sachwald (2003) , provided evidence of some differences in the determinants of R&D cooperation among different types of partners. These results suggested that R&D cooperation varies according to the type of partners and that the determinants of R&D cooperation with academic institutes may differ from those with other types of external organizations, such as customers and suppliers.
Regarding R&D cooperation in Japan, for example, Sakakibara (1998, 2002) highlighted government-sponsored research consortia among large firms, and Motohashi (2005) examined the determinants of university-industry collaborations. 4 Okamuro (2007) investigated the determinants of successful R&D cooperation in Japanese SMEs. However, these studies have analyzed the R&D cooperation of established firms, whereas R&D cooperation of start-ups in Japan has not yet been investigated. While, as is often argued, Japan has achieved technological catch-up and is now striving for technological leadership, the country is characterized by almost the lowest ratio of business start-ups among OECD countries. Hence, policy makers are concerned about the lack of entrepreneurs to propel future economic growth. This study on R&D cooperation in start-ups would provide a new perspective on the opportunities for research matching in support of national innovation systems in countries with low start-up ratios, such as Japan.
Hypotheses
The founders of start-ups have more influence on the firms' strategies, including R&D cooperation, than the top managers of established firms, but the effects of founder-specific characteristics on R&D cooperation have been ignored in the literature. According to the competence-based view, founders' human capital is reflected in the way their capabilities affect the strategies of start-ups. Moreover, high human capital is likely to contribute to the development of valuable networks. Founders with high human capital attract external research partners, which may promote R&D cooperation.
In addition to these direct effects, founders' human capital signals their firms' capabilities to potential partners under uncertainty and information asymmetry. As Spence (1973 Spence ( , 1974 argued, workers' education levels can provide a positive signal of their capability to employers even if it does not change their productivity. A similar argument can be applied to the relationship between founders and potential research partners. Moreover, as pointed out by Fontana et al. (2006) , technical and scientific capabilities of firms attract potential partners and open new opportunities for collaboration. These arguments lead us to assume that R&D cooperation of start-ups depends on founder-specific characteristics. Here, we use educational background, prior innovation output, and work experience as the measures of founder-specific characteristics affecting R&D cooperation.
As already mentioned, R&D cooperation may vary according to the type of partners.
Specifically, the determinants of R&D cooperation with academic institutes (universities or public research institutes) may differ from those with business partners, including customers and suppliers. Therefore, we examine the determinants of R&D cooperation with academic institutes and with business partners separately. In the following hypotheses, however, we consider how founders' human capital affect R&D cooperation for either of the two types. In Section 5, we will further discuss our findings on the differences between the types of partners.
First, let us consider founders' educational background. Colombo and Grilli (2005) argued that, according to the competence-based view, the distinctive capabilities of NTBFs are closely related to the knowledge and skills of their founders. As pointed out by Colombo and Grill, generic human capital is related to the general knowledge acquired by entrepreneurs both through formal education and professional experience. In practice, most studies have used educational background as a measure of founders' human capital (e.g., Bates, 1990; Åstebro and Bernhardt, 2003) . Colombo and Grilli (2005) also measured founders' human capital by years of education. As discussed before, the signaling received by research partners in regard to founders' capabilities may influence opportunities for start-ups in R&D cooperation. Moreover, founders' educational background may act as the source of their networks for R&D. It is likely that the longer the academic education, the wider the network with researchers in external organizations that, in this paper, indicate academic institutes or business partners. Therefore, we formulate the following hypothesis. In addition to educational background, founders' experiences in innovation prior to start-up are considered to be a measure of human capital affecting R&D cooperation. Colombo et al. (2006) argued that the synergistic gains from technological alliances depend on the technological competencies of NTBFs. 5 As discussed earlier, founders of start-ups are expected to exert greater influence on the decision to engage in R&D cooperation than the top managers of established firms. Since start-ups lack business experience and a track record, founders' human capital plays a crucial role as a valuable resource for start-ups. Therefore, the prior innovation output of the founders themselves, rather than that of the firms, may signal the technological competencies of start-ups. From these reasons, we obtain the following hypothesis. Moreover, founders' affiliation to academic associations may affect the probability of R&D cooperation. Through participation in academic associations, especially those in the natural sciences, including engineering, founders can build their networks with researchers in external organizations, especially research organizations in the natural sciences 6 . Further, the affiliation to academic associations tends to reflect the founders' innovation potential and willingness to collect the most recent research available, which may provide a signal to research partners. Therefore, R&D cooperation with external organizations, especially with academic institutes, may be associated with whether or not the firm's founder belongs to an academic association in the natural sciences including engineering. Hence, we propose the following hypothesis. Founders' professional experience may also be associated with R&D cooperation. If the founders have prior work experience in a related field, they can take more advantage of their network at start-up. In addition, if they have managerial experience in other firms at start-up, they are expected to have more managerial skills as well as a wider business network with external organizations, than those without any managerial experience. In particular, prior work experience in a related field may play an important role in R&D cooperation with business partners, including customers and suppliers. Therefore, we formulate the following hypothesis. In the following sections, we examine the determinants of R&D cooperation on the basis of the preceding hypotheses, using original data on Japanese start-ups. Moreover, by examining the determinants of R&D cooperation separately by type of partners, we will show how the determinants of R&D cooperation differ between academic institutes and business partners.
Data

1. Data sources
To the best of our knowledge, there exists no data source for R&D activities by start-ups in Japan. In order to construct a sample of start-ups for our research project, we conducted a postal questionnaire survey in 2008. We sent questionnaires to 13,582 firms in the Japanese manufacturing and software industries, which were incorporated between January 2007 and August 2008. 7 The list of firms for the survey was obtained from a database compiled by Tokyo Shoko Research (TSR), a major credit investigation company in Japan. In the questionnaire survey, we asked the founders about firm-specific characteristics, including R&D activities, as well as their personal attributes. 8 The number of effective responses was 1,514 (approximately 11% of the target). With regard to industry structure and location, the respondents were not considerably different from the target firms as a whole, though software firms are more strongly represented among the respondents than manufacturing start-ups. From among the responses, we selected 1,060 "real" start-ups that had started their businesses during 2007 and 2008. 9 Then, we identified 672 R&D-oriented firms whose founders conducted R&D or that employed R&D personnel when starting their businesses or afterward. 10 As a result, we obtained 499 firms in the final sample because of missing values for some variables.
While we compiled data on founder-and firm-specific characteristics, including R&D cooperation, from the survey, we used another data source to collect data on industry-specific 
2. R&D cooperation
In the questionnaire survey, we asked the founders whether or not they engaged in R&D cooperation with academic institutes (universities or public research institutes), or with business partners, including customers and suppliers. 11 Table 2 With respect to the sub-samples by industry in Table 2 , the propensity for R&D cooperation is the highest in the chemical and precision machinery industries, regardless of the type of partners.
On the whole, start-ups in the manufacturing sector are more likely to cooperate in R&D than those in the software sector. Further, the propensity for R&D cooperation tends to vary across industries and according to the type of partners, even in the same industry.
Determinants of R&D cooperation
In this paper, we investigate the determinants of R&D cooperation using regression models and test the hypotheses developed in Section 3. On the basis of the questionnaire survey, the dependent variables for R&D cooperation are defined as two dummies that take the value of one if the firm engages in R&D cooperation with academic institutes (universities or public research institutes) (C_UNIV) and with business partners (C_FIRM), respectively, and zero otherwise. 12 Table 3 presents the definitions of both dependent and independent variables; the latter will be discussed below in detail. In addition, Table 4 shows the summary statistics of the dependent and independent variables. Table 5 provides the mean values of the independent variables for the sub-samples by type of partners and the statistical significance of the differences of mean values between the sub-samples. The correlation matrix of the variables is shown in Table A1 of Appendix.
Founder-specific characteristics
With respect to founder-specific characteristics, the variables for education level, work experience, and prior innovation output are included in the model. First, we use dummy variables to examine the effects of founders' education level: undergraduate university education (UEDU), graduate school education (GEDU), or others (reference variable). Table 4 indicates that 48% of the founders had achieved a bachelor's degree and 10% a master's or doctorate degree. As shown in Table 5 , the means of GEDU are significantly different between the sub-samples of the firms that engaged in R&D cooperation and the others for C_UNIV, suggesting that the firms whose founders had graduate school education tend to conduct R&D cooperation with academic institutes.
Second, the variables for founders' prior innovation output are also included in the model. Prior innovation output is defined as two dummies, each taking the value of one if the founders achieved product/process innovations (INNOV) and patent applications (PAT) before start-up, and zero otherwise. As shown in Table 4 , founders had prior experience of product/process innovations and patent applications, before start-up, in 33% and 19% of firms respectively. The means of INNOV and PAT shown in Table 5 highlight considerable differences between the firms that engaged in R&D cooperation and the others, regardless of the type of partners. Table 5 indicates that 57% and 43% of the sample firms that take the value of one for INNOV, respectively, engaged in R&D cooperation with academic institutes, while 50% and 30% of the firms that take the value of one for these variables, respectively, cooperate on R&D with business partners. With a PAT of 1, the corresponding figures are 43% and 30% respectively These differences are statistically significant for both variables and the types of partners. Third, the model includes a dummy variable for firms whose founders are affiliated to academic associations in the natural sciences (ACAD). As shown in Table 4 , 13% of the founders in our sample are affiliated to academic associations in the natural sciences. Table 5 indicates that 40% of the firms whose founders are affiliated to academic associations cooperate in R&D with academic institutes, while only 10% of the firms whose founders have no membership in academic associations cooperate in R&D with these institutes, and that this difference is statistically significant. Regarding R&D cooperation with business partners, however, the propensity for R&D cooperation does not significantly vary according to the affiliation of the founders with academic associations.
Fourth, we include two dummy variables for founders' professional experiences in the model.
One is a dummy taking the value of one for firms whose founders had prior work experience in a related field before start-up, and zero otherwise (WEXP); the other is a dummy that takes on the value of one if the firms' whose founders had prior managerial experience before start-up, and zero otherwise (MEXP). Table 4 shows that, before start-up, 87% of the founders in our sample worked in the a related field and 37% as managers of other firms. Table 5 suggests that as regards the means of these variables there are no significant differences between the firms that engaged in R&D cooperation with academic institutes and the others. , there are no significant differences in the means of these variables. The same applies to the propensity of for R&D cooperation with business partners.
Finally, we include as a control variable in the model the founders' age at start-up (AGE). In the sample, the minimum and maximum ages of founders at start-up are 20 and 80 years respectively. The natural logarithm of founders' age at start-up is used in the regressions. As shown in Table 5 , the founders of start-ups engaged in R&D cooperation with academic institutes are significantly younger than the others, while there are no significant differences between the mean start-up ages with regard to R&D cooperation with business partners.
Firm-specific characteristics
The variable for firm size (SIZE), measured as the natural logarithm of the number of employees at start-up, is included in the model as a firm-specific characteristic affecting R&D cooperation. The median of the number of employees in the sample is 2, indicating that the sample consists of very small firms. As shown in Table 5 , the propensity for R&D cooperation significantly varies according to firm size only with regard to cooperation with business partners. The variable for R&D expenditures (RD), measured as their natural logarithm, is also used as an independent variable. 13 As shown in Table 5 , there are significant differences between the means of this variable for the firms that engage in R&D cooperation and others, with regard to both types of partners.
Moreover, a dummy variable for independent firms (IND), as compared to subsidiaries or affiliated firms, is used as an independent variable in the model. As shown in Table 4 , 83% of the sample firms are independent firms. As pointed out by Mohnen and Hoareau (2003) , firms that belong to large corporate groups might be able to tap information from universities/government laboratories or establish contact with them more easily through this network. Indeed, according to Table 5 , independent firms are significantly less likely to cooperate with academic institutes, while this is not the case for R&D cooperation with business partners.
As discussed by Colombo et al. (2006) , the presence of co-founders may also influence R&D cooperation. Therefore, we include a dummy variable for multiple founders (MFOUND) as a control variable. In fact, as shown in Table 4 , 47% of the sample firms have multiple founders.
However, Table 5 shows no significant differences between the firms with and without co-founders as regards their propensity for R&D cooperation, regardless of the type of partners 14 .
In addition, we include two control variables for the reasons behind the choice of business field and location. In the questionnaire, we asked the founders the most important reason they chose the current business and start-up location. We constructed a dummy variable for business choice (DBUSI), which takes the value of one if the most important reason for the choice of the current business is to make the best use of unique capabilities and technologies, and zero otherwise.
We use another dummy variable for location choice (DLOC), which takes the value of one if the most important reason for the location choice is easy access to necessary information and technologies, and zero otherwise. Table 5 shows that the differences in these variables are significant only for R&D cooperation with business partners.
Industry-specific characteristics
Furthermore, we include variables for industry-specific characteristics as control variables in the model. 15 Following Okamuro (2009) , variables for appropriability (APPROP) and technological opportunities (TECHOPP) are used to control for differences in the technological environments among industries. APPROP is defined as the extent to which the innovative outcomes can be appropriated by the innovators themselves. TECHOPP denotes the availability of useful information for innovation. 16 Table 5 suggests that start-up firms in the industries with higher appropriability are significantly more likely to cooperate with academic institutes than those in other industries, while firms in industries with higher technological opportunities are significantly less likely to cooperate with business partners than those in other industries.
Estimation methods and results
Estimation methods
We examine the determinants of R&D cooperation in Japanese start-ups by estimating regression models. We comparably estimate the determinants of R&D cooperation with academic institutes and with business partners. Our empirical model is described as follows:
where Cooperation represents C_UNIV or C_FIRM. Founder, Firm, and Industry indicate founder-specific, firm-specific, and industry-specific characteristics, respectively. ε is the error term.
Since R&D cooperation is measured by binary variables, we adopt a binary choice model.
Because the decisions on R&D cooperation with academic institutes and with business partners may be simultaneous or correlated to each other, we considered a bivariate probit model assuming a correlation between the error terms of the two models, with C_UNIV and C_FIRM as dependent variables. However, because this assumption was rejected, we will report the results of the univariate probit models instead of the bivariate probit model. 17
Estimation results
16 For more details on the construction and measurement of these variables, see Okamuro (2009) . 17 In fact, the estimation results of the bivariate probit model are quite similar to those of the univariate probit model.
In Table 6 , we show the estimation results of the probit models for the determinants of R&D cooperation with academic institutes (C_UNIV) in columns (i) and (ii) and those with business partners (C_FIRM) in columns (iii) and (iv).
With respect to the founder-specific characteristics, Table 6 demonstrates that the variable for graduate school education (GEDU) has a positive and significant effect on R&D cooperation with academic institutes (C_UNIV), but no significant effect on R&D cooperation with business partners (C_FIRM). However, the variable for undergraduate education (UEDU) has no significant effect on R&D cooperation, regardless of the type of partners. These results indicate that firms with highly educated founders are more likely to cooperate in R&D with academic institutes, which supports Hypothesis 1.
In Table 6 , the variables for founders' prior innovation output, INNOV and PAT, have both positive and significant effects on the probability of R&D cooperation, regardless of whether C_UNIV or C_FIRM are used as dependent variables. These results suggest that start-ups whose founders possess sufficient research capabilities are more likely to cooperate in R&D with external organizations, regardless of the type of partners, partly because research capabilities of founders act as a signal of the firms' capabilities to potential partners. These results support Hypothesis 2.
It is noteworthy that we can exclude a reverse causality for these variables in the sense that R&D cooperation might positively affect founders' prior innovation output, because founder-specific characteristics are fixed before start-up, while R&D cooperation refers to the strategy after start-up. However, some unobserved factors such as inherently high productivity of the founder may influence both pre-start-up innovation experience and post-start-up R&D cooperation. In this regard, we should stress that in our empirical estimation, we control for those variables that may reflect the potential productivity of founders, such as their educational background and work experiences. 18 Moreover, as shown in columns (i) and (ii) of Table 6 , the dummy variable for founders' affiliation to academic associations (ACAD) has a significantly positive effect on C_UNIV. In columns (iii) and (iv), however, ACAD does not have any significant effect on C_FIRM. While the effects of founders' professional experiences (WEXP and MEXP) are not significant in columns (i) and (ii), the coefficients of WEXP on C_FIRM indicate significantly positive signs in columns (iii) and (iv). These results support Hypotheses 3 and 4. Thus, these findings suggest that founders' own academic and business networks are important in determining R&D cooperation with academic and business partners respectively. As for the variable for founders' age (AGE), we do not find any significant association with C_UNIV and C_FIRM.
With respect to the variables for firm-specific characteristics, the coefficients of firm size (SIZE) are not significant in any of the models in Table 6 . As already discussed, some previous studies found positive and significant effects of firm size on R&D cooperation. While most studies have used data on relatively large firms, as repeatedly explained earlier, we employ data on small start-ups. Therefore, our findings, which are not consistent with those of previous studies, may imply that the size effect on R&D cooperation is negligible with small firms, including start-ups; however, this effect appears to be significant among relatively large firms.
In contrast, the coefficients of R&D expenditures (RD) are positive and significant after controlling for firm size in all models of Table 6 . These results suggest that firms investing more in R&D relative to their size tend to cooperate in R&D with external organizations, regardless of the type of partners. Our findings are consistent with Cohen and Levinthal (1990) , who indicate that firms investing more in R&D are more likely to engage in R&D cooperation than others because of their sufficient absorptive capacity.
The variable for independent firms (IND) has a negative and significant effect in columns (i) and (ii) of Table 6 , but no significant effect in columns (iii) and (iv). This suggests that independent firms are less likely to cooperate in R&D with academic institutes, as compared to subsidiaries or affiliated firms. Our findings imply that subsidiaries and affiliated firms have wider networks than independent firms through parent or group companies, and therefore have more opportunities to engage in R&D cooperation. Moreover, overall, the coefficients of the variables for business and location choices (DBUSI and DLOC) are not significant in Table 6 , although these variables were expected to have significant effects on R&D cooperation.
The dummy variable for multiple founders (MFOUND) has no significant effect. This finding suggests that, at least for our sample firms, the propensity to cooperate in R&D does not significantly depend on whether or not co-founders exist. 19 As for the industry-specific characteristics, columns (i) and (ii) of Table 6 indicate that higher appropriability (APPROP) leads to R&D cooperation with academic institutes, while columns (iii) and (iv) indicate that this variable does not have any significant effect on R&D cooperation with business partners. Moreover, Table 6 shows that the variable for technological opportunities (TECHOPP) does not have any significant effects on R&D cooperation, regardless of the type of partners.
Overall, our hypotheses are supported in the empirical analyses. With respect to the founder-specific characteristics, founders' educational background, prior innovation output, affiliation to academic associations, and work experience are found to have positive effects on the propensity to cooperate in R&D. As for the differences between the types of partners, we find that founders' education background and membership in academic associations solely affect R&D 19 To supplement this finding, we estimated the effects of additional variables of co-founders with a sub-sample of firms with multiple founders: The first one is the number of co-founders, and the second their role in the top management, which is measured as a subjective evaluation of the complementarity of their competence with that of the core founder by using a 5-point Likert scale. However, we could not obtain any significant results for these additional variables. The results of these additional estimations can be obtained from the authors upon request.
cooperation with academic institutes, while their work experiences solely affect R&D cooperation with business partners. In sum, the estimation results suggest that the founders' research capabilities and networks are fairly important factors in determining R&D cooperation, regardless of the type of partners.
Alternative estimations
In addition to the probit models, we consider alternative empirical models and discuss the estimation results of these models. As a robustness check, we conduct a multinomial probit estimation with four possible choices, an instrumental variable (IV) probit estimation considering the endogeneity of R&D expenditures, and a negative binomial estimation on the determinants of the number of cooperative R&D projects. The estimation results are shown in Table A2 of Appendix.
First, we estimate the determinants of R&D cooperation with a multinomial probit model with four choices (no R&D cooperation, cooperation with academic institutes only, cooperation with business partners only, and cooperation with both types), taking the first choice as the basic outcome. Among the respondents, 322 firms (65%) did not engage in R&D cooperation, 36 firms (7%) cooperated only with academic institutes, 116 firms (23%) cooperated only with business partners, and 25 firms (5%) cooperated with both types. As for the choices of R&D cooperation with either academic institutes only or business partners only, respectively, the estimation results of the multinomial probit model are not considerably different from those of the probit models 20 .
We then adopt an instrumental variable (IV) probit model considering the endogeneity of R&D cooperation or intensity, following Cassiman and Veugelers (2002) . Among the independent variables, R&D expenditures may be endogenous if we assume that they increase as a result of R&D cooperation. As the instrumental variable, we use industry's R&D intensity (the ratio of R&D expenditures to sales) at the two-digit level, which is expected to be significantly correlated with R&D expenditures of start-ups, but not with the propensity for R&D cooperation. 21 The estimation results show that the coefficients of R&D expenditures are still positive, though not significant with regard to the cooperation with academic institutes. 22 The effects of the other variables on the propensity of R&D cooperation do not change considerably. Therefore, we can conclude that the estimation results are robust even when the endogeneity of R&D expenditures is considered.
Finally, we examine the determinants of the number of cooperative R&D projects engaged in by start-ups. In the questionnaire survey, we also asked for the number of cooperative R&D projects, classified according to the type of partners. As discussed by Fontana et al. (2006) , a decision to cooperate in R&D with other organizations may be different from a decision on the number of cooperative R&D projects. Therefore, we estimate the determinants of the number of cooperative R&D projects with academic institutes and business partners, using negative binomial models. However, the estimation results are quite similar to those of Table 6 , except for the positive and significant effect of firm size (SIZE) on R&D cooperation with business partners. 23
Conclusions
This paper has explored the determinants of R&D cooperation in Japanese start-ups. Using a 21 Data on industry's R&D intensity are obtained from the Results of Basic Survey of Japanese Business Structure and Activities, by the Ministry of Economy, Trade and Industry (METI). 22 We estimate two-step IV probit model. In the first-step, we regress RD on all the assumed exogenous variables (all the independent variables in Table 3 , except for RD) and the industry's average R&D intensity as an instrument. 23 As Table 4 suggests, only 12% and 28% of our sample firms cooperate with academic institutes and business partners respectively. Most firms engaged in R&D cooperation, either with academic institutes or business partners, conduct just one project. Hence, the distributions of the observations of the dependent variables are in fact not considerably different from that of C_UNIV and C_FIRM. This may be the major reason that we do not find significant differences between the results of probit and negative binomial estimations.
sample from an original survey conducted in 2008, we examined the effects of founder-, firm-, and industry-specific characteristics on R&D cooperation according to the type of partners. Our findings indicate that founder-specific characteristics such as educational background, prior innovation output, and affiliation to academic associations are fairly important in determining R&D cooperation with academic institutes (universities and public research institutes). We also provide evidence that the effects of founders' work experience and prior innovation output are significant in determining R&D cooperation with business partners. With respect to firm-specific characteristics, it was found that the firms making larger investments in R&D tend to engage in R&D cooperation, regardless of the type of partners. Furthermore, it was found that independent firms are less likely to cooperate in R&D with universities and public research institutes than subsidiaries or affiliated firms.
However, this paper does have some limitations, which should be addressed in future research.
While we found significant effects of founder-specific characteristics on the R&D cooperation of start-ups, we could not clearly identify the mechanism of how these characteristics affect R&D cooperation. For example, we cannot conclude whether R&D cooperation with academic institutes results from the signaling of superior capabilities arising from the founders' educational background or from the exploitation of networks by founders. In addition, we did not address the dynamic aspect of R&D cooperation, since we used cross-sectional data from our recent survey. Specifically, we cannot exclude the possibility that the founders started R&D cooperation before establishing their businesses, although our main motivation is to clarify the relationship, rather than to confirm the causality, between founders' human capital and R&D cooperation of start-ups. Further investigation with a panel data set obtained through repeated surveys is needed to better understand the process of R&D cooperation. Moreover, we have insufficient information on the characteristics of co-founders, although a half of our sample firms were started by multiple founders. 24 Despite these limitations, this paper provides new evidence and yields new implications, thus contributing to the literature. While most previous studies have focused on the R&D cooperation of large established firms, we addressed the R&D cooperation of start-ups. In addition, we shed light on the roles of founders' human capital in R&D cooperation, which has been largely ignored in the literature. Our findings suggest that founders' human capital plays a critical role in determining the R&D cooperation of start-ups. In other words, we may be able to conclude that firms with greater human capital have better opportunities for R&D cooperation than those with less human capital.
From the viewpoint of public policy, this paper suggests that policy makers should pay more attention to founders' attributes in providing start-ups with opportunities for research matching with potential partners, especially academic institutes. Specifically, the support policy for R&D cooperation should more explicitly address the needs of founders with a "low" level of human capital who are willing to cooperate in R&D, because they face difficulties in finding optimal partners by themselves.
The Japanese government has provided various supports, including industrial cluster policies, for R&D cooperation between small firms and academic institutes (e.g., Nishimura and Okamuro, forthcoming) . According to the OECD (2008), nevertheless, the ratio of Japanese small firms collaborating on innovation with academic institutes is the lowest among OECD countries. In this respect, if the government can provide R&D-oriented start-ups with more opportunities for research matching by taking into account founders' attributes, even firms without sufficient experience and reputation at start-up would enjoy the benefits of collaborative networks and thus achieve superior performance. The involvement of start-ups will strengthen national innovation systems and stimulate future innovations in stagnating countries with low business start-up ratios, such as Japan.
Table 1
Review of previous studies on the determinants of R&D cooperation. 1.
The choice of R&D cooperation with other organizations or the number of cooperative R&D projects is used as the dependent variables in the above papers.
2.
Partner types comprise competitor (comp), customer (cust), supplier (sup), university (uni), public research institute (ins), and consultant (consul).
3.
Firm, Industry, Region, and Country denote that the variables are at the firm, industry, region, and country levels, respectively. Table A2 : Estimation results using multinomial probit, IV probit (2-Step), and negative binomial models. 
